SUMMARY Serum levels of hepatitis B virus specific DNA polymerase and hepatitis B e antigen were studied serially in 34 patients with hepatitis B virus infection-20 who had the acute illness and recovered, seven who died with fulminant disease, three who died as a result of subacute hepatic necrosis, and four who went on to develop chronic active hepatitis. DNA polymerase activity was present in 16 (80 %) and HBeAg in 13 (65 %) of the uncomplicated cases at presentation and in all of those patients from whom the initial sample was obtained before the peak in aminotransferase. Both markers disappeared after 30 days from the onset but DNAP remained persistently positive during a follow-up period of four to 10 months in the four patients who progressed to chronic hepatitis. These results indicate that DNAP and HBeAg are transiently present in all cases of acute hepatitis B. Only their persistence after the acute episode could represent a useful prognostic marker of chronicity. In this respect, DNAP was more reliable in our patients than HBeAg. In uncomplicated acute hepatitis, the peak in DNAP levels, which defines the time of maximum virus replication in the liver, preceded the peak in aminotransferase levels. Among the 10 patients who developed massive liver damage after hepatitis B infection, DNAP was detected in five of the seven with fulminant hepatitis, with enzyme levels that were comparable with those observed in uncomplicated acute hepatitis at presentation, but not in the cases of subacute hepatic necrosis. These findings are consistent with the hypothesis that in hepatitis B infection, liver damage, whatever the severity, is not directly related to the degree of virus replication.
Dane particles, considered to represent the complete form of the hepatitis B virus (HBV), have an inner core that contains endogenous DNA polymerase (DNAP) which utilises as template circular viral DNA (Lutwick and Robinson, 1977) . These have been termed full particles to distinguish them from those particles which may also be found in HBsAg positive sera but lack complete viral DNA within their cores and are DNAP negative (empty Dane particles) (Kaplan et al., 1976) . HBV specific DNAP activity can be detected in the serum of some patients chronically infected with HBV and represents a marker of active replication of the complete virus (Kaplan etal., 1973) . Its presence is often independent of the severity of the associated liver disease (Tong et al., 1977; Alberti et al., 1978) , the highest levels usually being found in immunosuppressed patients (Nordenfelt and Kjellen, 1975) and in some series
Received for publication 19 September 1978 presence of enzyme activity in serum has been shown to correlate with the detection of HBeAg in the serum (Nordenfelt and Kjellen, 1975; Hindman et al., 1976) and with the finding of circulating full Dane particles on electron microscopy (Alberti etal., 1978) .
Transient detection of HBV specific DNAP in patients with acute hepatitis B was first reported by Kaplan et al. (1974) 
PATIENTS
Three groups of patients were studied.
1. Serum samples were obtained from 20 cases of acute hepatitis B within three days after the onset of symptoms and at weekly intervals during the acute phase of illness. In all cases liver function tests returned to normal values within two months from the onset.
2. This group contained seven patients with fulminant hepatitis who had progressed to grade III or IV coma within three to six days after the onset of symptoms, and three patients who died of subacute hepatic necrosis four to eight weeks after the onset of symptoms. In these 10 cases serum samples were obtained within 24 hours after the development of coma.
3. The final group consisted of four patients who remained HBsAg positive six to 10 months after acute hepatitis B. At this time liver function tests were abnormal in all four and in three of them, in whom liver biopsy was carried out, progression to chronic active hepatitis was observed. In these patients serial serum samples were obtained during a follow-up period of four to 10 months. HBsAg was tested by radioimmunoassay (Ausria II, Abbott) and titred by passive haemagglutination (Hepatest, Wellcome). HBeAg and anti-HBe were investigated by immunodiffusion.
DNAP ACTIVITY AND ELECTRON MICROSCOPY
HBV specific DNAP activity was measured in 20-fold concentrated pellets prepared from sera by ultracentrifugation (Kaplan et al., 1973) . The upper limit 100 50 uJ 0-&-of background activity (250 3H-TTP cpm) was defined using pellets prepared from HBsAg-negative control sera and the specificity of the enzyme activity was assessed by immunoprecipitation with anti-HBs (Alberti et al., 1978) . Presence of circulating Dane particles and the proportion of full and empty forms were estimated by electron microscopy (EM) on serum pellets prepared by ultracentrifugation using negative (3% phosphotungstic acid pH 60) and positive (0-2% uranyl acetate pH 5 0) stainings (Alberti et al., 1978) .
Results
Sixteen (80%) of the 20 patients with acute hepatitis B were found to be DNAP positive when tested within three days after the onset of symptoms. In 13 of these 16 patients, HBeAg was also detectable in the same serum sample. The number of cases with positive sera fell progressively during the illness and in no case were either of the viral markers detectable after 30 days ( Fig. 1 ). DNAP activity levels were significantly higher in the presence than in the absence of HBeAg, even when corrected for the time after onset with levels of 634-9 ± 170 cpm and 264 ± 83 cpm (p < 0-001) for HBeAg positive and HBeAg negative sera respectively at one to 10 days of illness, and 436 ± 59 cpm and 196 ± 63 cpm (p < 0 001) for HBeAg positive and negative sera at 10 to 20 days of illness.
Dane particles were seen by EM in sera of 17 (85 %)
cases at presentation, in 13 (65%/O) after 10 days, and had become undetectable in all cases after 30 days. Although the largest numbers of particles were found in sera positive for HBeAg and DNAP, Dane (Fig. 2) . The highest levels of DNAP activity always preceded the aminotransferase peak and by this time enzyme activity had fallen considerably in seven cases and had become undetectable in one. However, circulating Dane particles were still detectable by EM. In three of these cases Dane particle pellets prepared at the time of DNAP peak and at the time of the aminotransferase peak were stained with uranyl acetate. The percentage of full particles varied between 16 and 29% within the first group and between 1 and 5%1 in the second.
In contrast with HBeAg, HBsAg was still detectable by passive haemagglutination in 80% of cases after 30 days, and did not become negative by RIA until three months from the onset. (Barker et al., 1973) and in patients (Alberti et al., 1976) . Although Dane particles were still detectable in serum at the time of aminotransferase peak even in those cases where DNAP activity had become low or absent, most of these particles appeared to be of the incomplete or empty variety. Whether the increase in the proportion of these particles, presumably as a result of defective viruses from damaged liver cells, is related to the termination of virus replication, as suggested by Kaplan et al. (1976) , remains to be clarified. Defective virus particles are known to interfere with the intracellular replication of complete viruses (Huang, 1970) .
The failure to show correlation between HBeAg and DNAP activity in acute hepatitis B recently reported by Cappel et al. (1977) could have been related to an earlier disappearance of HBeAg compared with DNAP activity, as we also observed, although this is more likely to be a consequence of the difference in the sensitivity of the methods of detection rather than a true biological phenomenon. Indeed, in our cases DNAP activity was always present in sera positive for HBeAg. was also detected in cases who had already become HBeAg negative but in these sera mean values were significantly lower. The association of HBeAg with DNAP activity in acute hepatitis type B confirms previous findings in chronic carriers of HBsAg and provides further evidence that HBeAg is a marker of active replication of the complete HBV rather than of liver damage. Both Vogten et al. (1976) and Neurath and Strick (1977) suggested that HBeAg could be a marker of an impaired immune response to the HBV, in particular of a defect in the host mechanisms involved in virus clearance. Our results do not support this hypothesis, as, in all cases, DNAP activity became undetectable within 20 to 30 days after the onset of illness, including those cases who had HBeAg in serum.
DNAP levels in fulminant hepatitis at the time of development of coma were comparable with those observed in the early phase of uncomplicated acute hepatitis B. The differences in the clinical course are unlikely to be a consequence of the degree of virus replication. The striking differences in HBsAg titres observed between the two groups is consistent with the suggestion that there is an enhanced humoral immune response to HBsAg in fulminant hepatitis (Woolf et al., 1976) . Indeed, the detection of DNAP activity in the presence of low HBsAg titres supports the hypothesis that in these patients large complexes of viral particles, including complete virions, are present in the circulation. However, the present evidence is not sufficient completely to exclude the possibility that there may be diminished production of HBsAg in fulminant hepatitis. DNAP activity was not detected at the time of development of coma in the cases who followed the more chronic, but equally fatal, course of subacute hepatic necrosis. The pathogenesis of this condition remains obscure, and our results suggest that in these cases, although DNAP activity was probably present at an earlier stage, at the time of massive liver damage replication of HBV was not enhanced.
In those patients who progressed to HBsAg positive chronic liver disease HBV-DNAP remained persistently positive, while in those who recovered it disappeared from the serum within 30 days after the onset, suggesting that this could represent an early prognostic marker of chronicity. In this respect, DNAP was more useful in our cases than HBeAg, although this may simply be a reflection of the sensitivity of the presently available methods of detection. The observation that in these cases DNAP activity and full Dane particles are persistently present in sera after the acute episode indicates that this chronic evolution is associated, at least within the first four to 10 months after the acute episode, with a high degree of virus replication in the liver, possibly as a consequence of continuing reinfection of liver cells related to a defect in the mechanisms of virus neutralisation (Eddleston and Williams, 1974) . However, in the later stages of the illness replication of the complete HBV may be partially suppressed, as DNAP activity and full Dane particles are rarely detected in the serum of patients with HBsAg postive chronic active hepatitis who have progressed to cirrhosis (Alberti et al., 1978) . 
